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25	 Executive Summary  

26  Reducing the Nation’s vulnerability  to space weather is a national priority. Space weather describes the 

27 variations in the space environment between the  sun  and Earth  that can affect  infrastructure  systems 

28 and technologies in space and on Earth. It can disrupt the technology that forms the backbone of our 

29 economic vitality and national security,  including satellite  and airline operations,  communications  

30 networks, navigation systems, and the electric power  grid.  These  key components of our Nation’s 

31 infrastructure and  economy are increasingly at risk from space weather storms. The Strategic National 

32 Risk Assessment1 identifies space weather as a hazard that poses significant risk to the security of the 

33 Nation. 

34 This Strategy builds on recent significant efforts to reduce risks associated with natural hazards and 

35 improve the resilience of critical facilities and systems.2 It aims to foster a collaborative environment in 

36 which government, industry, and private citizens can better understand and prepare for the effects of 

37 space weather. As a Nation, we must continue to leverage our existing national network of expertise 

38 and capabilities and pursue targeted enhancements to improve our ability to manage risks associated 

39 with space weather. 

40 With this Strategy, we seek to enhance the integration of existing national efforts and add important 

41 capabilities to help meet growing demands for space weather information. Six strategic goals underpin 

42 our efforts to reduce the Nation’s vulnerability to space weather:

43  Establish Benchmarks for Space Weather Events: Effective and appropriate actions for space 

44 weather events require an understanding of the magnitude and frequency of storms. Benchmarks 

45 will help us assess the vulnerability of critical infrastructure and will provide critical points of 

46 reference to enable mitigation procedures and practices, as well as enhance response and recovery 

47 planning. 

48  Enhance Response and Recovery Capabilities: We must develop comprehensive guidance to 

49 support existing response and recovery constructs to manage space weather events with Federal, 

50 State, local, tribal, and territorial governments and the private sector. 

51  Improve Protection and Mitigation Efforts: To build national preparedness we must improve our 

52 protection and mitigation efforts. Protection focuses on capabilities and actions to eliminate critical 

53 infrastructure vulnerabilities to space weather, and mitigation focuses on long-term vulnerability 

54 reduction and enhancing resilience to disasters. Together, these preparedness missions constitute 

55 our national effort to reduce the vulnerabilities and manage the risks associated with space weather 

56 events. 

57 

1	 The Strategic National Risk Assessment (SNRA) in Support of PPD 8: A Comprehensive Risk-Based Approach toward a Secure 

and Resilient Nation, Department of Homeland Security, December 2011. 
2	 See reference section for listing of recent relevant policy documents.  
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58   Improve  Assessment, Modeling, and Prediction of Impacts on  Critical  Infrastructure:  We  must  

59 provide timely, actionable,  and relevant decision-support services during space weather storms. 

60 Societal impacts  must also  be understood  to  better inform the urgency  of action  during extreme 

61 events and to  encourage appropriate  mitigation and  protection  measures  before  an incident.  

62   Improve Space Weather Services through  Advancing Understanding and Forecasting:  We  must  

63 take action to improve the fundamental understanding of space weather. Accurate, reliable, and 

64  timely space weather observations and forecasts (and related products and services) are essential 

65 elements in enabling national preparedness. The underpinning science and observations that will 

66  help drive the necessary advances in modeling capability that supports user needs are the key to the 

67 quality of space weather products and services. We must also improve our capacity to develop and 

68  transition the latest scientific and technological advances into space weather operations centers. 

69   Increase International Cooperation:  Because we live in a world of complex interdependencies, we  

70  need global engagement and a coordinated international response to space weather. We must not 

71 only be an integral part of the global effort, but must mobilize broad, global support. We will do so 

72  by utilizing existing agreements and by building international support at the policy level. 

73 The National Strategy for Space Weather identifies national goals and establishes the guiding principles 
74  that will underpin our efforts to secure the critical technology infrastructures vital to our national 
75 security and economy. It identifies specific initiatives to drive both near- and long-term national 
76  protection priorities. It also provides protocols for preparing and responding to space weather events, 
77 ensuring that critical information is available to national leaders for informed decision-making. This 
78  critical information will be used to enhance national resilience and prepare an appropriate response 
79 during space weather storms. This Strategy will facilitate the integration of space weather information 
80  into Federal Government risk-management plans to achieve desired levels of preparedness consistent 
81 with existing national policies. Accomplishing the strategic elements in the Strategy will require a whole-
82  of-government approach to coordinate and apply Federal resources. It will also require us to strengthen 
83 public-private and international partnerships, using a Whole Community approach.3 As a Nation, we 
84  must work together to enhance the resilience of critical infrastructure to the potentially debilitating 
85 effects of space weather, and we must ensure mechanisms are in place to help protect the people, 
86  economy, and national security of the United States. 

3 FEM!, “A Whole Community Approach to Emergency Management: Principles, Themes, and Pathways for Action,” FDOC 

104-008-1, Department of Homeland Security, December 2011 
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87 Introduction  

88  Space weather is a naturally occurring phenomenon that  has the potential  to negatively affect energy  
89  infrastructure, technology, and  human health, which  are essential  contributors to  national security and  
90  economic vitality. The term  “space weather”  refers to  the dynamic conditions of the space environment 
91  that arise from interactions  with emissions from the sun, including so lar flares, solar energetic particles, 
92  and coronal mass ejections (CME). These emissions can affect Earth and its surrounding space, 
93  potentially causing disruption to electric power systems; satellite, aircraft, and spacecraft operations; 
94  telecommunications; position, navigation, timing (PNT) services; and other technology and 
95  infrastructure. Given the growing importance of reliable electric power and space-based assets for 
96  security and economic well-being, it is critical that we establish a strategy to improve the Nation’s ability 
97 to protect, mitigate, respond to, and recover from the potentially devastating effects of space weather 
98 events. 

99  Space weather is a global issue. Unlike terrestrial weather events (e.g., a hurricane), space weather has 
100 the potential to simultaneously affect the whole of North America or even wider geographic regions of 
101 the planet. The United States is currently a global leader in observing and forecasting space weather 
102 events, but our capability and situational awareness depend on international cooperation and 
103 coordination. 

104 This Strategy outlines the objectives for enhancing the Nation’s space weather readiness in three key 
105 areas: understanding, forecasting, and national preparedness. Federal departments and agencies have 
106 taken significant steps in these key areas. The challenges posed by the increasing vulnerability to space 
107 weather events require continuing research and development efforts to improve observation and 
108 forecast capabilities, which are linked directly to preparedness. This Strategy will leverage these efforts 
109 and existing policies while promoting enhanced coordination and cooperation across the public and 
110 private sectors in the United States and abroad. 

111 Structure of the Strategy 

112 This Strategy articulates six high-level goals for Federal research, development, deployment, operations, 
113 coordination, and engagement: 

114 1. Establish Benchmarks for Space Weather Events 

115 2. Enhance Response and Recovery Capabilities 

116 3. Improve Protection and Mitigation Efforts 

117 4. Improve Assessment, Modeling, and Prediction of Impacts on Critical Infrastructure 

118 5. Improve Space Weather Services through Advancing Understanding and Forecasting 

119 6. Increase International Cooperation 

3
 

120 Implementation of the Strategy
 

121 The implementation of this strategy will be overseen by the NSTC. 


122 Enhancing National Preparedness and Critical Infrastructure Resilience
 

123 This Strategy ensures that space weather is fully integrated into the Presidential Policy Directive (PPD)-8, 

124 National Preparedness (March 30, 2011) and PPD-21, Critical Infrastructure Security and Resilience 
125 (February 12, 2013) frameworks. 



 

 

    

   

  

     

    

  

    

   

 

  

    

  

         

    

       

  

   

   

      

    

   

  

    

  

     

      

    

    

 

 

  

     

  

   

 

                                                                 

 

      

 

     

   
    

 

126 PPD-8 calls for an integrated, all-of-Nation, capabilities-based approach to preparedness for all hazards. 
127 The Directive also calls for the creation of a national planning framework. In support of this, the 
128 Department of Homeland Security coordinated the development of the Strategic National Risk 
129 Assessment (SNRA).4 The SNRA identified space weather as one of nine natural hazards with the 
130 potential to significantly affect homeland security. 

131 PPD-21 identifies three strategic imperatives to drive the Federal approach to strengthen critical 
132 infrastructure security and resilience that are at the core of this Strategy.5 The Directive identifies energy 
133 and communications systems as uniquely critical due to the enabling functions they provide across all 
134 critical infrastructure sectors. The Directive also instructs the Federal Government to engage with 
135 international partners to strengthen the security and resilience of domestic critical infrastructure and 
136 international critical infrastructure on which the Nation depends. 

137 Strategic Goals 

138 To meet the challenges presented by the negative effects of space weather events, this Strategy defines 
139 six strategic goals to prepare the Nation for near- and long-term space weather impacts. The objectives 
140 of these goals are to improve our understanding of, forecasting of, and preparedness for space weather 
141 events (phenomena and effects). 

142 1. Establish Benchmarks for Space Weather Events 

143 Developing benchmarks for space weather events is an important component to addressing the effects 
144 of space weather. Benchmarks are a set of characteristics and conditions against which a space weather 
145 event can be measured. They provide a point of reference from which to improve the understanding of 
146 space weather effects, develop more effective mitigation procedures, and enhance response and 
147 recovery planning. 

148 The objective of the benchmarks is to provide clear and consistent descriptions of the relevant physical 
149 parameters of space weather phenomena based on current scientific understanding and the historical 
150 record. For example, the benchmarks may serve as inputs to vulnerability assessments or defining points 
151 of action. But these benchmarks do not assign a category, classification, level, or significance of impact 
152 to an event. 

153 To be effective, the benchmarks must be developed in a timely manner using transparent methodology 
154 with a clear statement of assumptions and uncertainties. Because of relatively limited data and gaps in 
155 understanding space weather phenomena, benchmarks should be reevaluated as significant new data 
156 and research become available. 

157  Define scope, purpose, and approach for developing benchmarks: Space weather benchmarks will 
158 be used to develop scenarios, inform practices (e.g., device, operational, and mitigation), and serve 
159 as reference points from which to develop impact and vulnerability assessments. The benchmarks 
160 will use multiple parameters to describe the space weather event. The parameters should include 

4	 The Strategic National Risk Assessment in Support of PPD 8: A Comprehensive Risk-Based Approach toward a Secure and 

Resilient Nation, Department of Homeland Security, December 2011 
5	 (1) Refine and clarify functional relationships across the Federal Government to advance the national unity of effort to 

strengthen critical infrastructure security and resilience; (2) Enable effective information exchange by identifying baseline 
data and systems requirements for the Federal Government; and (3) Implement an integration and analysis function to 
inform planning and operations decisions regarding critical infrastructure. 
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161 characteristics of the space weather event and the characteristics of its interactions with Earth and 
162  near-Earth environments (e.g., radio blackout and geomagnetic disturbance). 

163 Multiple benchmarks will be created to address: 

164 o The different types of space weather events; for example, radio blackouts induced by solar 
165 flares and geomagnetic disturbances induced by CMEs; 

166 o Multiple physical parameters that will ensure the functionality of the benchmarks; for example, 
167 magnitude and duration; and 

168 o A range of event magnitudes and associated recurrence intervals; for example, multiple event 
169 scenarios may inform different vulnerability thresholds, and an understanding of the “worst 
170 case” scenario may be instructive. 

171 2. Enhance Response and Recovery Capabilities 

172 Extreme space weather events are low-frequency, potentially high-impact events that will require a 
173 coordinated national response and recovery effort. Leveraging the National Planning Frameworks,6 the
174 Nation will develop comprehensive guidance to support existing response and recovery constructs to 
175 manage extreme events with Federal, State, local, tribal, territorial (SLTT), and other Whole Community 
176 partners.7 Improving impact assessments and systems modeling will allow for greater planning fidelity 
177 for the effects of extreme events on critical infrastructure systems and the Whole Community. Likewise, 
178 improved forecasting capabilities enable development of time-sensitive procedures before any impacts. 
179 Building the Nation’s restoration capability will require continued investments, unique solutions, and 
180 strong public-private partnerships. The following objectives will be met to enhance response and 
181 recovery capabilities: 

182  Complete an all-hazards power outage response and recovery plan: The primary risk of an extreme 
183 space weather event is the potential for the long-term loss of electric power and the cascading 
184 affects that it would have on other critical infrastructure sectors; however, other low-frequency, 
185 high-impact events are also capable of causing long-term power outages on a regional or national 
186 scale. It is essential to have a comprehensive and executable plan (with key decision points) for 
187 regional or national power outages. The plan must include the Whole Community and enable the 
188 prioritization of core capabilities. 

189  Support Federal, SLTT government, and private sector planning for and managing of an extreme 
190 space weather event: Information on the effects of an extreme space weather hazard on SLTT all-
191 hazards planning is limited. Credible information and guidance on how to incorporate that 
192 knowledge into SLTT all-hazards planning will be developed and disseminated. 

6	 The National Planning Framework describe how the Whole Community works together to achieve the National Preparedness 

Goal of “a secure and resilient nation with the capabilities required across the whole community to prevent, protect against, 
mitigate, respond to, and recover from the threats and hazards that pose the great risk.” This Goal is the cornerstone for the 
implementation of PPD-8 (https://www.fema.gov/national-planning-frameworks). 

7	 Whole Community planning for resilience is an approach to emergency management that reinforces the ideas that FEMA is 

only one part of our Nation’s emergency management team- that we must leverage all the resources of our collective team 
in preparing for, protecting against, responding to, recovering from, and mitigating against all hazards; and that collectively 
we must meet the needs of the entire community in each of these areas (https://www.fema.gov/whole-community).  
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193  Provide guidance on contingency planning for extreme space weather impacts on the 
194 continuation of critical government and industry services: A functional government, movement of 
195 personnel, preservation of services, and maintenance of critical infrastructure systems are essential 
196 before, during, and after an extreme space weather event. All levels of government, the private 
197 sector, and critical infrastructure entities will have guidance to respond in a manner that allows 
198 them to maintain the essential elements of their operations for a prolonged period of time.   

199  Ensure communications systems capability and interoperability during extreme space weather 
200 events: Effective communications systems are essential to gaining and maintaining situational 
201 awareness and ensuring unity of effort in response and recovery operations. While space weather 
202 affects communications systems, these effects can occur at different time scales within a single 
203 event and with varying impacts depending on the specific communications system, the 
204 characteristics of the event, and its duration. Government and private sector stakeholders must 
205 have guidance that allows them to maintain communication systems capabilities (including 
206 interoperability) during an extreme event. 

207  Encourage the owners and operators of critical assets to coordinate the development of realistic 
208 power restoration priorities and expectations: Electrical power providers should develop protocols 
209 for restoring electrical power before disruptions in coordination with State and local governments. 
210 Critical asset owners and operators must work with their providers to ensure that their power needs 
211 are understood. The owners and operators should consider plans and capabilities for temporary 
212 power in the event of an electrical power disruption caused by an extreme space weather event. 

213  Develop and conduct exercises to improve and test Federal, State, regional, local, and industry-
214 related space weather response and recovery plans: Evaluating the effectiveness of plans includes 
215 developing and executing a combination of training events and exercises to determine whether the 
216 goals, objectives, decisions, actions, and timing outlined in the plan support successful response and 
217 recovery. Exercising plans and capturing lessons learned enables ongoing improvement in event 
218 response and recovery capabilities. 

219  Increase the Nation’s restoration capability through continued investments, unique solutions, and 
220 strong public-private partnerships: The Nation has not experienced the full consequences of an 
221 extreme space weather event in modern history. Improving the Nation’s capability to respond to 
222 and recover from such an event will require continued investments and innovative solutions. 
223 Without strong public and private partnerships developed before such an event, however, an 
224 effective recovery will remain impractical. 

225 3. Improve Protection and Mitigation Efforts 

226 Growing interdependencies of critical infrastructure systems have increased the potential vulnerabilities 
227 to space weather events. Protection and mitigation efforts to eliminate or reduce space weather risks 
228 are essential missions of national preparedness. Protection focuses on capabilities and actions to 
229 eliminate critical infrastructure vulnerabilities to space weather, and mitigation focuses on long-term 
230 vulnerability reduction and enhancing the resilience to disasters.8 Together, these preparedness 

8	 Disaster resilience refers to the capability to prevent, or protect infrastructure from, significant multi-hazard threats and 

incidents and to expeditiously recover and reconstitute critical services with minimum damage to public safety and health, 
the economy, and national security 
(https://training.fema.gov/hiedu/docs/terms%20and%20definitions/terms%20and%20definitions.pdf). 
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231 missions constitute our national effort to reduce the vulnerabilities and manage the risks associated 
232 with space weather events. Four objectives are outlined for improving protection and mitigation efforts: 

233  Assess the relevant legal mechanisms, authorities, and incentives that can be used to protect 
234 critical systems: Statutory and regulatory authorities related to the protection of critical 
235 infrastructure already exist as do incentives for encouraging actions by critical infrastructure owners 
236 and operators. These will be identified along with the corresponding authorities, gaps, issues, and 
237 associated approaches to governance. 

238  Encourage the development of hazard-mitigation plans that reduce vulnerabilities to, manage 
239 risks from, and assist with response to impacts associated with space weather: In support of 
240 Whole Community planning for resilience, information about space weather hazards will be 
241 integrated, as appropriate, into existing mechanisms for information sharing, including Information 
242 Sharing Analysis Organizations, and into national preparedness mechanisms that promote strategic 
243 alignment between public and private sectors. 

244  In concert with industry partners, achieve long-term vulnerability reduction to space weather 
245 events by implementing appropriate measures at critical locations most susceptible to space 
246 weather: Adopting standards, business practices, and operational procedures that improve 
247 protection and resilience is essential to addressing space weather system vulnerabilities. The space 
248 weather benchmark events described in the first strategic goal (Establish Benchmarks for Space 
249 Weather Events) will be used to support the adoption of design standards for enhanced resilience; 
250 evaluate strategies for, priorities for, and feasibility of protecting critical assets; and foster 
251 mechanisms for sharing best practices that promote mitigation of damage from, and protection of, 
252 systems affected by space weather. 

253  Strengthen public/private partnerships that support private action to reduce public vulnerability 
254 to space weather: Private sector entities, as the owners and operators of the majority of the 
255 Nation’s critical infrastructure, are essential to improving resilience. Space weather events do not 
256 respect national, jurisdictional, or corporate boundaries. Incorporating resilience  measures into  U.S. 
257 infrastructure systems requires collaboration, the support of existing coordinating mechanisms for 
258 information sharing and access, and identifying incentives and disincentives for investing in 
259 resilience measures. 

260 4. Improve Assessment, Modeling, and Prediction of Impacts on Critical Infrastructure 

261 A key component to improving national preparedness for a space weather event is the ability to observe 
262 and predict associated effects. Providing timely, actionable, and relevant decision-support services 
263 during a space weather event requires improvements in the ability to observe, assess, model, and 
264 ultimately predict the effects on critical national infrastructures such as the electric power systems, 
265 transportation systems, communications, and PNT systems. Societal impacts must also be understood to 
266 inform the urgency of action during events and to encourage appropriate mitigation and protection 

7
 

267 measures before an incident. Improving situational awareness and prediction of effects on 
268 infrastructure during an event requires better observations and better modeling of system-response 
269 characteristics. The following objectives will be met to enhance observation, modeling, and prediction 
270 capabilities: 

271  Develop a national capability for real-time assessment of space weather impacts on critical 
272 systems: Situational awareness of the state of various critical infrastructure systems is crucial to 
273 providing actionable event response. In addition, better and more thorough measurements of 
274 infrastructure responses to space weather events will inform and validate system-specific impact 



 

 

 

       

    

     

  

    

     

     

     

  

      

    

   

        

      

    

      

     

  

  

    

     

   

   

  

   

     

     

    

   

     

      

     

     

   

  

    

    

   

   

     

  

     

     

275 models that will ultimately  improve event response. This  capability  will require  continued 
276 investments in and assessments of the real-time monitoring requirements for reporting the state of 
277 infrastructures, as well as space weather situational awareness. 

278  Develop or refine operational space weather impact/systems models: It is not enough to forecast 
279 the magnitude of an impending geomagnetic disturbance for appropriate and effective response: it 
280 is also necessary to predict the effects of an event on infrastructure and other systems on a regional 
281 basis. Hurricane storm surge prediction is a terrestrial weather example of this objective. To do this 
282 effectively requires reliable, accurate, and fast models that take into account effects on both 
283 isolated and interdependent infrastructure systems. We must also define and develop 
284 comprehensive requirements for operational impact models, identifying deficiencies in current 
285 modeling capabilities to develop new and improved tools to achieve these objectives. 

286  Improve operational impact forecasting and communications protocols: Based on the assessment 
287 and modeling elements outlined above, a national capability to forecast extreme space weather 
288 effects before the onset of an event would enable timely warnings to system operators and 
289 emergency managers. This capability should always be available, with rapid computation and 
290 dissemination mechanisms. 

291  Support basic and applied research into space weather impact on industries, operational 
292 environments, and infrastructure sectors: Improving existing models and developing new 
293 capabilities in impact forecasting must be based on a better understanding of the fundamental 
294 physical processes of space weather impacts to critical infrastructure systems. Doing so requires 
295 identifying gaps in our understanding of impacts on critical national infrastructures; developing 
296 strategies to address these gaps; identifying impact-related interdependencies through vulnerability 
297 and failure mode-assessments across and between sectors; and supporting research for 
298 understanding the cost required to mitigate, respond to, and recover from an extreme space 
299 weather event. 

300 5. Improve Space Weather Services through Advancing Understanding and Forecasting 

301 Space weather services can enhance national preparedness by providing timely, accurate, and relevant 
302 forecasting products. Identifying and sustaining a baseline of critical measurements from observing 
303 platforms is key to providing operational services that inform preparedness. This baseline can also serve 
304 as a reference point from which to identify coverage and measurement gaps, as well as opportunities  
305 for improvement. Services can be improved through basic and applied research that focuses on the 
306 needs of an increasingly diverse user community. To facilitate the transition of these enhancements 
307 from the research domain to operations, the responsible agencies will (1) periodically revalidate user 
308 requirements for improved space weather services and (2) strengthen and encourage partnerships to 
309 accelerate the research-to-operations transition process, with a goal to support key preparedness 
310 decisions. 

8
 

311 Seven objectives are outlined to meet these goals: 

312  Define a baseline operational space weather observation capability: Our Nation currently lacks a 
313 comprehensive operational space weather observation strategy. Although operational systems are 
314 robust, resilient, and ensure the data continuity necessary for a national space weather prediction 
315 capability exists, currently, an ad hoc mixture of weather and research satellites and ground systems 
316 is being used to provide critical data to forecast centers. To ensure adequate and sustained real-
317 time observations for space weather analysis, forecasting, and decision-support services, a baseline, 
318 or minimally adequate, operational observation capability should be defined. The observation 



 

 

    

  

                

       

          

     

  

       

    

    

   

  

  

  

    

 

  

  

  

    

  

     

      

    

  

   

  

  

     

   

     

    

   

   

  

    

     

  

    

    

    

    

319 baseline will also specify the optimal mix of ground-based and satellite observations to enable 
320 continuous and timely space weather watch, warning, and alert products and services. 

321  Improve understanding of user needs for space weather forecasting and use these data to establish 
322 lead-time and accuracy goals: Effective transfer of space weather knowledge requires a better 
323 understanding of the effects of space weather on technology and on industry and government 
324 customers, including the associated economic and political impacts on the Nation’s critical 
325 infrastructures. 

326  Ensure products are intelligible and actionable to inform critical decision-making: Decision-
327 relevant information must be communicated in ways that stakeholders can fully understand and 
328 use. Models and forecasts must enable swift decision-making with a reasonable assumption of risk. 

329  Improve forecasting accuracy and lead-time: Society is increasingly at risk to extreme space 
330 weather events. With improved predictions, our Nation can enhance mitigation, response, and 
331 recovery actions to safeguard our assets and maintain continuity of operations during high-impact 
332 space weather activity. 

333  Enhance fundamental understanding of space weather and its drivers to develop and continually 
334 improve predictive models: Forecasting space weather depends on a fundamental understanding of 
335 the space environment processes that give rise to hazardous events. Particularly important is 
336 understanding the processes that link the sun to Earth. An improved understanding will help drive 
337 the necessary advances in modeling capability to support user needs. 

338  Improve effectiveness and timeliness of research to operations transition process: Although the 
339 Nation has invested in the development of research infrastructure and predictive models to meet 
340 the demands of a growing space weather user community, existing modeling capabilities still fall 
341 short of providing what is needed to meet these critical demands. Until better research models are 
342 incorporated into operational forecasts, the Nation will not fully realize the benefits of its research 
343 investments. 

344  Assess and develop observational strategies for the study and prediction of space weather events: 

345 Fundamental research, modeling, product development, and space weather hazard assessments 

346 require observations taken from space and on the ground. Development of advanced technologies 

347 has the potential to improve the quality and affordability of new observing systems and optimize 

348 the path from research to operational use. Coordination between the space weather research and 

349 operations communities to identify critical observational data products required to advance 

350 predictive modeling capability is necessary to sustain critical space weather observing capabilities. It 

351 is also important to explore the needs for improved coverage, timeliness, and data quality through 

352 partnerships with academia, the private sector, and international collaborators. 

353 6.  Increase International Cooperation 

354 In a world increasingly dependent on interconnected and interdependent infrastructure, any disruption 
355 to these critical technologies could have regional and even international consequences. Therefore, 
356 space weather should be regarded as a global challenge requiring a coordinated global response. 

357 Many countries are becoming increasingly aware of the need to monitor and manage space weather 
358 risks. The United States and other nations have begun sharing observations and research, disseminating 
359 products and services, and collaborating on real-time predictions to mitigate impacts on critical 
360 technology and infrastructure. We must work together to foster global collaboration, taking advantage 
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361 of mutual interests and capabilities to improve situational awareness, predictions, and preparedness for 
362 extreme space weather. 

363 The following objectives will be met to increase international cooperation: 

364  Build international support at the policy level for space weather as a global challenge: A 
365 prerequisite to enhanced international cooperation is high-level support across partner countries to 
366 raise awareness of space weather as a global challenge. 

367  Promote a collaborative international approach to protect against, mitigate the effects of, 
368 respond to, and recover from extreme space weather events: The world’s interconnected and 
369 interdependent systems are vulnerable to extreme space weather events; this vulnerability could 
370 possibly lead to a cascade of impacts across borders and sectors. To mitigate these risks, we will 
371 work with the international community to facilitate the exchange of information and best practice 
372 to strengthen global preparedness capacity for extreme space weather events. We will also foster 
373 the development of global mutual aid agreements to facilitate response and recovery efforts and 
374 coordinate international partnership activities to support space weather preparedness and response 
375 exercises. 

376  Increase engagement with the international community on scientific research, observation 
377 infrastructure, and modeling: Gaps in research, observations, models, and forecasting tools need to 
378 be identified and filled to meet the needs of the global scientific community and the providers and 
379 users of space weather information services. 

380  Improve international data sharing: Increased access to government, civilian, and commercial space 
381 weather data across the globe is of mutual benefit to the United States and partner nations. 

382  Strengthen international coordination and cooperation on space weather products and services: 
383 Providing high-quality space weather products and services worldwide requires international 
384 coordination and cooperation. Toward this end, we will seek agreement on common terminology, 
385 measurements, and scales of magnitude; promote and coordinate the sharing and dissemination of 
386 space weather observations, model outputs, and forecasts; and establish coordination procedures 
387 across space weather operations centers during extreme events. 

388  Develop coherent international communication strategies: The global hazards of space weather 
389 must be clearly communicated to policymakers, the public, and the technical community. A process 
390 is needed to (1) issue forecasts, alerts, and warnings using consistent nomenclature and 
391 nontechnical terminology where appropriate and (2) promote and support public outreach and 
392 space weather education globally. 

393 Conclusion 

394 Space-weather events pose a significant and complex risk to the Nation’s infrastructure and have the 
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395 potential to cause substantial economic and human harm. This Strategy is the first step in addressing the 
396 myriad challenges presented when managing and mitigating the risks posed by both severe and ordinary 
397 space weather. As outlined above, the six high-level goals and their associated objectives support a 
398 collaborative and federally coordinated approach to developing effective policies, practices, and 
399 procedures for decreasing our Nation’s vulnerabilities. By establishing goals for improvements in 
400 forecasting, research, preparedness, planning, and domestic and international engagement, this 
401 Strategy will help ensure our Nation’s ability to withstand and quickly recover from effects of extreme 
402 space weather events. 
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412 Abbreviations 

413 CME coronal mass ejection 

414 NSTC National Science and Technology Council 

415 OSTP Office of Science and Technology Policy 

416 PNT position, navigation, timing 

417 PPD Presidential Policy Directive 

418 R&D  research  and  development  

419 SLTT State, local, tribal, territorial 

420 SNRA Strategic National Risk Assessment 
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421 Appendix: Background on Solar Phenomena that Drive Space Weather 

422 Space weather is commonly driven by solar storm phenomena that include coronal mass ejections 
423 (CMEs), solar flares, solar particle events, and solar wind. These phenomena can occur anywhere on the 
424 sun’s surface, but only solar storms that are Earth directed are the potential drivers of space weather 
425 events on Earth. An understanding of solar storm phenomena is an important component to developing 
426 accurate space weather forecasts (event onset, duration, and magnitude). 

427 CMEs are explosions of plasma (charged particles) from the sun’s corona. They generally take 2-3 days 
428 to arrive at Earth, but in the most extreme cases, have been observed to arrive in as little as 17 hours. 
429 When CMEs collide with Earth’s magnetic field, they can cause a space weather event called a 
430 geomagnetic storm, which often includes enhanced auroral displays. Geomagnetic storms of varying 
431 magnitudes can cause significant long- and short-term impacts to the Nation's critical infrastructure, 
432 including the electric power grid, aviation systems, GPS applications, and satellites. 

433 A solar flare is a brief eruption of intense high-energy electromagnetic radiation from the sun’s surface, 
434 typically associated with sunspots. Solar flares can affect Earth’s upper atmosphere, potentially causing 
435 disruption, degradation, or blackout of satellite operations, radar, and high-frequency radio 
436 communications. The electromagnetic radiation from the flare takes approximately 8 minutes to reach 
437 Earth, and the effects usually last for 1–3 hours on the daylight side of Earth. 

438 Solar particle events are injections of energetic electrons, protons, alpha particles, and other heavier 
439 particles into interplanetary space. Following an event on the sun, the fastest moving particles can reach 
440 Earth within tens of minutes and temporarily enhance the radiation level in interplanetary and near-
441 Earth space. When energetic protons collide with satellites or humans in space, they can penetrate deep 
442 into the object that they collide with and cause damage to electronic circuits or biological DNA. Solar 
443 particle events can also pose a risk to passengers and crew in aircraft at high latitudes near the 
444 geomagnetic poles and can make radio communications difficult or nearly impossible. 

445 Solar wind, consisting of plasma, continuously flows from the sun. Different regions of the sun produce 
446 winds of different speeds and densities. Solar wind speed and density play an important role in space 
447 weather. High-speed winds tend to produce geomagnetic disturbances while slow-speed winds can 
448 bring calm space weather. Space weather effects on Earth are highly dependent on solar wind speed, 
449 solar wind density, and direction of the magnetic field embedded in the solar wind. When high-speed 
450 solar wind overtakes slow-speed wind or when the magnetic field of solar wind switches polarity, 
451 geomagnetic disturbances can result. 
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